Historic, Archive Document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 








AT-33 Bookplats 
(1-63) 


NATIONAL 





qOMHODHAHD Md 


LIBRARY 


GP 


AVAILABILITY OF CALCIUM AND PHOSPHORUS FROM FORAGES 


FOR HIGH PRODUCING AND DRY DAIRY COWS 


TERMINATION REPORT 


- . DEp An 
COOPERATIVE AGREEMENT VAMONAL po'y oF ABRICy wy 
(USDA-SEA-AR-58-519B-9-839) MAY mma ame 
an < 4 


Principal Investigator: Ronald L. Belyea, Associate Professor, Dairy Nutrition 
Coinvestigators: Fredric A. Martz, Research Animal Scientist 


Marion F. Weiss, Research Associate 


Affiliation: Department of Dairy Science = and 
USDA-SEA-ARS 


Dairy Forage Cluster 
Columbia, Mo. 


December 29, 1983 









: > 
9) 


wn, AMO | i M20) OWA MUTD IAD 3p vr tks a 
; iva i 


>| i} : vba Lia nm ‘ oe |e 
; wh ! ‘i ey} QUTON thet iy} 7 


v 





> 
- 
ge 
2 
-— 
s ui 
‘yi iV) 
; 4 ; 
os a 





_ 
- =m > <a 
A * e 4 way* 7 P a @ 
Tot " bi6nOd s1oTapheeeee 
o ‘ 7 
li ‘ } - ; un ' d. ¢ in . t by “4 - 
J R A : BY HN if Shoe ie ie | es 
; a ee OF Ee hs 4 © oad boll | agt+sM 
x | 
wr 
> 
ars 
| . _ 


: ~~ nn 
> | 7 on 
% roa , FRAN a oe 7 


" 
+ 


; 193001) Sui Nesta 7 
; -OM , gbtawtad -- A 






» 





402563 
INTRODUCTION 


The availability of minerals in forages used in the diets of dairy cows is a 





major concern in dairy nutrition. Whereas considerable recent research has lead 
to new knowledge about dry matter digestibility, energy utilization and protein 
(nitrogen) metabolism, there has been less contemporary emphasis upon mineral 
metabolism in general and about utilization of the minerals in forages in particular. 

Early research on calcium (Ca) and phosphorus (P) nutrition of dairy cattle in- 

volved work to determine requirements (Huffman, 1934; Ellenberger et al., 1932), about 
which there was considerable controversy. Requirements (NRC) were later reviewed by 
Reid (1962) and Hibbs (1963) and suggested to be too low. Current requirements are 
set at I.6 g Ca and .8 q P per 100 kg of body weight for maintenance; for milk pro- 
duction, 2.70 g Ca and 1.80 g P are recommended per kg of 4.0% fat milk (NRC, 1978). 
These recommended levels of Ca and P are, however, based upon certain assumptions 


of availability and endogenous secretion. These assumptions leave much to be desired 











when one attempts to balance rations, realizing that availability could vary extensively. 
For example, an average sized dairy cow producing 32 kg of milk requires about 100 g 
of Ca daily. Consumption of 11 kg of alfalfa containing 12 Ca g/kq (1.20%) of dry 
matter leads to a gross intake of about 132 g of calcium. The assumptions that one 
makes for the availability of calcium in the forage in this situation affects amount 
of supplementation needed. Thus, as availability is alleged to vary from 30 to 70%, 
there is 49 to 92 g of Ca available and g to 60 g of Ca needed for supplementation. 
Complicating this issue is the assumption that availability of Ca and P from forages, 
not unlike that of dry matter digestibility, is affected by many animal and plant fac- 
tors and thus 1S not ‘Tixed. 

Recent studies have raised questions about availability of Ca and P in feeds. 
Ammerman et al. (1957), Witt and Owen (1983); and Wise et al. (1961) demonstrated 
that availability of phosphorus varied widely among phosphorus supplements. Ward et 
al. (1972) determined the Ca and P balance of 45 lactating dairy cows over one or more 


lactations. They concluded from their data and data of others that the calcium 
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requirement for milk should be 5 g/kg of milk and that phosphorus should be 2.3 

q/ka of milk, about twice current recommendations (NRC, 1978). Garces and Evans 
(1971) showed that calcium absorption in ruminants declined with age. Verdaris and 
Evans (1974a,b) showed that during early and mid lactation cows fed low levels of 
dietary calcium (.25% of dry matter) had lower (negative) calcium balance and lower 
milk production. Yoon and Evans (1981) reported that higher dietary concentrations 
of Ca resulted in greater true Ca absorption, increased milk yield and iinproved 
dietary efficiency. High producing cows were used and Yoon and Evans (1981) suggested 
that NRC recommendations should be increased 30 to 40%. Ward et al. (1979) raised 
questions about the availability of calcium in alfalfa, suggesting that much of it is in 
the form of insoluble calcium oxalate and therefore unavailable to ruminants. 
Availability, if indeed very low in certain forages, directly affects supplementation 
and dietary balancing. Adams (1975) reported that there is tremendous variation in 
the concentration of Ca and P, as well as most other minerals in feeds analyzed at 
the Penn State forage testing facility, suggesting that factors relating mineral 
content utilization and dietary balancing are significant and real. Duncan (1958) 
summarized data from many Ca and P balance trials in cattle and sheep. He concluded 
that there are many differences among trials, such as level of intake of Ca and P, 
ages of animals, species, feed Ca and P contents, etc; this makes it difficult to 
draw certain basic assumptions about availability, endogenous losses, digestibility, 
etc. Retention estimates from collections often lead to overestimates of body pools 
of Ca and P (Duncan, 1958). Among trials methods vary greatly, which can jeopardize 
accuracy and interpretation, particularly in low dietary mineral concentrations and 
short-term trials. Miller (1978) pointed out that in order to maintain homeostasis 
various approaches are followed by the animal, which include altering absorption, 
excretion, secretion and/or deposition. Animals may physiologically manipulate 
dietary mineral patterns to meet needs; the routes used to manipulate may depend 

upon various factors such as intake level, mineral content, etc., as well as the 


specific mineral. Miller (1975) further points out problems in mineral research 
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including statistical errors, means of isotope dosing, low mineral concentration in 
test diets, species of animals and genetic differences within species. Wasserman 
(1960) summarized that the interactions among calcium, phosphorus and other nutrients 
were complex and related to other dietary constituents as well as each other. Scott 
and McLean (1981) reviewed factors that control mineral absorption in ruminants. 
Calcium is controlled by absorption from the gut and thus via fecal excretion as well 
as urinary excretion. Phosphorus normally is low in the urine and is recycled via 
Saliva. Gut absorption/resorption plays the major role in absorption/retention. The 
contribution of genetics to mineral metabolism could be very significant but has been 
greatly ignored. Wiener (1971) concluded that genetic factors are implicated in 
certain mineral disorders and body mineral concentrations of cattle. Only a few 
minerals have been studied in relation to genetic interactions and little is known 
about complete contribution of genetics to mineral utilization. 

Minerals are important nutrients that have to be provided in adequate levels 
for optimal animal health and productivity. The adverse effects of high calcium 
intake upon animal performance and health are striking (Ricketts, et al., 1970; 
Beitz et al., 1974; Krook et al., 1971). The effects of low phosphorus upon 
animal health and growth are also well known (Forbes and Johnson, 1939). Costs to 
farmers are hard to determine but could conceivably be large. Unnecessary mineral 
supplementation of diets and/or feeding free choice minerals both are expensive 
practices and may also jeopardize animal health and productivity (Coppock et al., 
1972; Muller et al., 1977). On the other hand, availability of forage minerals 
probably varies widely, due to many animal, plant and environmental factors. 
Because forages are the major feed source of dairy cattle, assumptions about average 
mineral availability can (and probably have) lead to many applied instances of over 
or under supplementation. For example, assuming that Ca of alfalfa is 50% available 
and supplementing appropriately could lead to a Ca imbalance if the availability 
were instead 30% or 70%. Such imbalances could explain unexpected, long term and 


latently poor performance of animals consuming diets that otherwise appear adequate. 
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There appears to be only a few programs in the United States actively pursuing 
research in mineral metabolism of dairy cattle. The Dairy Science Department of 
the University of Missouri has unique resources that were important in establishing and are 
important in maintaining a forage mineral research program as a satellite cluster of 
the United States Dairy Forage Program. These resources include new research laboratories 
and animal research facilities (Animal Sciences Geers completed Summer, 1983), 
intensive metabolic facility, Whole Body Counter, Research Reactor, Trace Substance 
Laboratory, Environinental Chambers and forage handling facilities. The Dairy Science 
Department has a history of dairy forage research, with investigations into fiber 
digestion, forage markers, whole body counting, nutrient x environmental stress, 
selenium uptake, mineral availability, nutrient digestibility and energy metabolism. 

Because of these facilities, resources and the necessary personnel, a coopera- 
tive research agreement with USDA-SEA was approved and initiated in July, 1979. This 
report summarizes the research and findings of this cooperative agreement (58-519B-9- 
839). 

OBJECTIVES 

A major objective of this study was to develop a technique or techniques to 
measure availability of forage minerals, particularly Ca and P. Minerals were to be 
from natural sources - i.e., found within plant material, and in as natural a state 
as possible, as compared to inorganic (supplemental) forms. The mineral contributed 
by the forage part of the diet apparently is inseparable from the total pool of 
minerals derived from all dietary ingredients. Therefore, the minerals contributed by 
forage would appear to have to be marked for tracing when fed to animals. Once a 
method is established for marking forage Ca and P, it will be used along with con- 
ventional methods to study uptake, endogenous secretion, body pools, turnover and 
mineral interactions. Data will be collected to fit into a model. An initial base of 


information from balance trials in non-marked, cold diets fed to lactating cows will be 


established. 
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RESULTS AND DISCUSSION 








Part 1. Preparing Forage Plants Intrinsically Labeled with Calcium and Phosphorus 


a) Neutron Activation 





Labeling forage plants by neutron activation was expected to be the most 
viable method of labeling plant Ca and P. This would result in a material similar 
in organic content and in biological nature to native forage. Digestion, passage, 
uptake of mineral and excretion of mineral should be similar to unmarked forage 
plants. Another advantage was that neutron activation could be performed at the 
research reactor facilities (on the UMC campus). The expediency of this was important, 
particularly in that the forage should be native and that radioactive decay would be 
less of a logistical problem, compared to purchase of label from a commercial 
supplier. 

Forage plants were subjected to neutron activation at the UMC Research Reactor. 
Sufficiently high counts (dpm) were attained that both Ca and P apparently could be 
traced effectively. A major complication became readily apparent in that the organic 
matrix of the forage plants was oxidized during the activation process. This was 
considered to be highly undesirable because the organic matrix probably affects 
mineral utilization by the animal; lack of the matrix would likely result in data 
that do not reflect mineral utilization in native forage plants. Furthermore, the 
inorganic material remaining after neutron activation, although containing adequate 
levels of radioactivity, might be complexed in such a way that it would not reflect 
utilization of inorganic mineral supplements. Therefore, the neutron activation 
approach was not studied further. 

b) Growing Labeled Forage Plants 

A second approach was followed - growing native forage plants for intrinsic 
labeling of Ca and P. This ultimately was a lengthy process that Sick (1) reno- 
vation and repair of a growth chamber; (2) establishing optimal light and temperature 
conditions for growth; (3) obtaining dormant plant roots, storing them and getting 


them to grow hydroponically; and (4) comparing hydropenic plants to native forage 
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plants. Initially we attempted to grow forage plants in various greenhouses and at 

our animal metabolic facility. We could not adequately contro] temperature, light, 

relative humidity and other environmental factors and Subsequently grown plants 

were dissimilar enough in botanical and nutrient composition to warrant better grow- 

ing facilities and conditions. Thus, we attempted to obtain use of a growth chamber 

for growing our forage plants under more aavapeere eine optimal conditions. 
Obtaining the use of a growth term chamber for longterm plant growth and 


lableing was not feasible, because of limited space in present chambers; it was not 





possible to get secure space for longterm use. Use of isotopes and the control 
necessary to contain radioactive materials complicated the situation. It became 


apparent that renovation of an existing enviornmental chamber, previously used for 





small ruminant metabolism, was our best alternative. This was modified and adapted 
for growth of our forage plants. Some of the renovation involved temperature and 
relative humidity equipment; a significant effort centered around an effective and 
controlled lighting system. Initially we were uncertain about temperature and 
light/dark conditions for best plant growth. From initial growth work in the 
greenhouse trials and from advice of colleagues in Agronomy, we tried 14 hours 
daylight/10 hours of darkness. Temperatures were held at 30C and 25C, respectively, 
during these periods. Plants grown under these conditions were not satisfactory; 
they were spindley, weak-stemmed and hard to grow. It was obvious that these con- 
ditions had to be changed; we decreased temperature to 25C throughout the day and night. 
Plants produced under these conditions appeared normal in appearance and morphology; 
these conditions were therefore maintained throughout the rest of our studies. Our 
light source (fluorescent) was suspended 36" above the plant pot tops. Light intensity 
at the pot top level was about 100-160 watts/in@/sec: 12" from the light, intensity was 
about 300-500 Wares inci sec! For reference, intensity is about 500 watts /m*/sec 
outside on a cloudy day. 

Another problem that had to be solved was getting plant material to grow in 


the chamber at selected times so that the same vegetative stage would be available 


1 , _ - es, 


























; -s S 
‘y at eoefeta “ot wotp oF hetqgeatin aa ys 
. 


= 
tine ly | istnaunortyes vadte bee yertie 


¥ 


fitun bas Teotnatod ni TdOnS THe 
at 


_ 
ry > * > Ay 4% - -) 
ae .enort ong) Dib 2 

: 


siou wsbau e7nbi¢ Spe TOT “0 cr 


ive 1 avViticborDer alsined oF v 

-_ 

riorveas onifezixs na to norysevoned Jam 
- 7 

6 jesd wo 2ew ,wetlodstom Jammy 


oBIOtT Wo tM 


qs o nao JvoTTS 65 npte 6 ;Insmqlupe ut tb Tan 

misonu 9%5w Ow vilstiinI .metzye onitdort t 

iti mov djworo Jas{q Szod 10T enotd tbnds 3 

ind ow .ymonoyDA af 2supsalloa Yo sofvbs mort bos BIRET 

6 W0C 36 blad eWew zonwwseteqmmeT .2zsndisb to ewor 

srew 2orsibaos s2edt sebaw aworp 2tnsl? .2boi1sq 

“10> 925f sil ivdo 26w 41) .Wworp of bisa bes bemmase ad60w svat 2 
spr » YOR ST 2 pucity 22S of awe roqned beessi95b sw ;hepnen> ad of | 


-ypofafavan bie ssoaveagqe af [aaron DeTssqqs enolyrbnes at wre 
4 


7 rT 
tu Sibusz we ) teoy of? tuonpyowld benfsiatem aroterottt re: sry 
ystgnetiai tl + tog Jneiq eA) avods. "a& babnad 2 “2 2hW (sn * it yroult) 
7 de : 
zew vitanint ,tdptl oat mov “SL fos2\ *nt\zidaw Hal -00L tuods- 26 w Tow 1 
: 


oe as 
wre “m\esinw 00d Jucds 2i pees ats 


Ps Ue 
- 
= 














ai woup oF pio tam snaty oniTIep 26w 
8 i _ 7 
weet to at | bow aipate ve ist spov 4 Ta 


aa &, 
_ - Tw 


a : i 


for animal feeding trials as they occurred. We did not want different animal trials 





or different phases of a given trial to have different vegetative stages and 
therefore qualities as a source of variation. In the early greenhouse trials we 


had obtained fescue and alfalfa roots from various forage fields, stored them at 





-4C, replanted them and obtained new vegetative arowth. We thus could produce for label- 
ing a vegetative material that would be at the same harvest stage and quality as needed 
for various animal feeding trials. 

We grew our plants hydroponically, versus growth in sand or soil, so that elements 
such as silica and aluminum would not complicate forage quality (i.e., mineral complexing 
and in vivo digestibility). The hydroponic solution used (table 1) was Hoagland's 
Solution #2, as modified by Johnson et al. (1957). Water (distilled) was added to each 
hydroponic pot once daily during early stages of plant growth: this was increased to 3 
times daily as plants became larger and more mature. Nutrient solution was added 
as needed (as determined by early nutrient analysis of vegetative growth), which was 
every 4-10 days depending upon plant size and maturity. Buffer was also added to the 
hydroponic solution to control pH: this was done daily, as needed. Our general approach 
was to supplement the existing hydroponic nutrient solution rather than discard and 
renew daily. The rationale for this was that use of labeled mineral for uptake would 
preclude discarding of nutrient solutions. It seemed logical that we should strive 
to grow plants in the same (supplemental) type of regime. 

Using this chamber and the growing conditions thus described we can grow and have 
grown plants successfully; we have been able to produce forage containing labeled Ca 
and P. We purchase labeled Ca and P from a commercial supplier at a prescribed time 
and isotopic activity level so that plants will have adequate activity, allowing for 
decay. We add the radioactive Ca and P to the nutrient solution starting with early 
vegetative growth and obtain uptakes of activity of about 50%. Plant growth is 
synchronized with animal feeding trials such that the labeled forage is available for 
a given trial is as similar as possible that used in other trials. It is important 


that both forage growth stage (quality) and radioactivity be closely controlled and 
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Synchronized with each feeding trial to attempt to control variation due to forage 


characteristics. 


Part 2. Comparison of Hydroponically Grown Forage to Native Forage 








We were very concerned that hydroponically grown forage plants might not be 
anatomically similar to native forage and that fiber, dry matter digestibility, mineral 
content and mineral availability also would not be similar to that of native forage. 
Consequently, we characterized hydroponically grown forage plants during the plant 
growth experiments. Plants were analyzed for anatomical components, and fiber, cal- 
cium and phosphorus concentrations. Plants analyzed included those grown in the 
early (greenhouse) trials as well as later trials in the renovated growth chamber. 
Means reflect data from about 10 trials and, therefore, represent a range of time, 
growing conditions, human experiences, etc. The data are presented in table 2. Leaf 
and stem proportions were not greatly different between native and hydroponic forage. 
Detergent fiber was generally lower in the hydroponic forage, especially fescue. 

This did not appear to be a major problem, but it was more deviant than originally 
expected. Hydroponic and native alfalfa plants were more similar to each other in 
fiber concentration than fescues. Mineral content (Ca and P) was consistently higher 
in hydroponic fescue than native forage. Hydroponic alfalfa had lower Ca content than 
native, whereas P content of hydroponic alfalfa was higher than native alfalfa. We 
were able to alter the anatomical and nutrient composition of the hydroponic forages 
as we gained experience. Thus, plant yield increased from 1.50 and 1.33 g of fescue 
and alfalfa DM per pot, respectively, to 3.11 and 5.10 g/pot. Also, leaf/stem ratios, 
detergent fiber, Ca and P were likewise altered (tables 2 and 3). Based upon data 
summarized in tables 2 and 3 and other data in progress, it appeared that currently 
grown hydroponic forage is similar enough to native to serve our needs. There were 
some variations in mineral content compared to noymal forage, probably because 
hydroponical ly ire forage takes up mineral in patterns different from native forage. 
Fiber varied also but did not appear to potentially cause problems. More importantly, 


we are able to repeatedly produce forage at about the same vegetative stage and in 
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Synchrony with needs for feeding trials. 

Inorganic residues remaining after ashing ADF (ADF-ash) were a concern; silica 
was expected to be a major constituent in native Grown forage. Fescue tends to 
range from 1-3% in silica, whereas native grown alfalfa usually contains less than .5% 
silica (in the ADF-ash). Because the hydroponic nutrient solution contained no 
Silica, hydroponically grown forages contained very low levels of silica (as ADF- 
ash). Fescue contained between 0 and .5%, while alfalfa Sere barren O and .32. 
Thus, silica did not appear to confound our test forages. Another inorganic interaction 
of suspicion was oxalate, which can insolubilize various cations, including Ca. 

Analyses are continuing; we have had a technical problem with analyses of forage 
plants for oxalate content and some data may have been erroneous. At this point, oxalate 
content appears to range from .8 to 1.2% of the forage (species not affected so far). 

We have analyzed some hydroponics for various macro and micro elements (table 4). 
Although there is considerable variation among and within species, values generally 
appear in the range normally expected. Potassium content has been higher than normally 
observed for most native forage, while the other elements appear to be similar. 

In another set of experiments we digested the ADF fraction of native and 
hydroponically grown forages using an in vitro procedure (Goering and Van Soest, 1970). 
The major objective was to ascertain that lignocellulose (ADF), the major contributor to 
forage dry matter digestibility (or indigestibility) , was similar in digestibility for 
hydroponically grown forage and native (table 5). There was a considerable amount 
of variation among determinations, which is normal in such a procedure; lignocel lulose 
of native fescue was not digested as well as that of hydroponic (19.4 vs 39.8%). 
liowever, initial ADF of native forage was higher than hydroponic and this probably 
accounts for the lower digestibility. Hydroponic alfalfa leaves and stems also were 
more digestible (65.6 and 35.8%) those of than native forage (46.5 and 22.7%). In this 
case also lower initial ADF content (table 4) probably accounts for this difference. 

It is possible that lignocellulose of hydroponic forages (both fescue and alfalfa) 


may have been more digestible because silica content was low. High silica content is 
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thought to reduce digestibility because of attachment to cell wall (fiber). Silica 
content of forage can range from <1% to 23%, depending upon forage species and 

soil type (Van Soest, 1970). Silica content of our native forage ranged from less 
than 1% to about 7% of the DM. Much of the silica in native forage was associated 


with the leaves; with stems contained much less. Hydroponic forage, by comparison, 


- contained less than 1% silica, with most plants containing less than .25%; highest 


concentrations again, were in the leaves. 


fart 3. “Animal Feeding Trials 





a) Feeding of Labeled Forage 





Two preliminary trials were completed with a non-lactating and a lactating 
cow to monitor excretion patterns of labeled mineral fed as part of labeled forage. 
In addition, the non-lactating cow was injected intravenously with labeled Ca and P. 
Excretion patterns and routes were similar to those reported by others. Our main 
concern was qualitative rather than quantitative aspects; we wanted to be certain 
that initial activities were sufficiently high to ensure detectable label in all 
possible excretion paths and to ensure that endogenous turnover could be monitored. 
We are about ready to commence a full scale, intensive feeding trial using 8 lactating 
cows. Labeled forages (alfalfa and fescue) will be used to supply labeled Ca and P. 
Excretion patterns, turnover, endogenous mineral loss, etc., will be determined during 
the dry period and during the early, mid and late portions of the subsequent lactation. 
This study should be completed in about one year and data will be reported as part of 
the objectives of our second Cooperative Agreement (USDA-SEA-AR 58-519B-1-992). 


b) Balance Trial Using Lactating Cows 





A balance trial was conducted using Holstein cows in mid lactation; effects 
of two dietary treatments (high soluble and low soluble protein) and two environmental 
treatments (thermoneutral and heat stress) upon mineral metabolism were determined. 
The two diets contained ground corn, corn silage, chopped alfalfa hay and either soy- 
bean meal, as the low soluble protein source (LS), or linseed meal, as the high soluble 


protein source (HS). The environmental treatments were thermoneutral (21C and 50% 
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relative humidity) and heat stress (31C and 50% relative hunidity). The design was 

a replicated split plot; the two diets were used in two replicates of 6 cows each 

(3 per diet). Environmental treatments were sequential - two weeks at thermoneutral; 
two weeks at heat stress and two weeks at thermoneutral. Cows in each dietary treat- 
ment were subjected to all three environmental treatments. Prior to the beginning of 
the trial the cows were brought from the farm to the environmental chambers to 5 days 
of acclimatization. Feeds were offered ad libitum in two daily allotments; refusals 
were weighed daily. Cows were milked at 12 hour intervals using a portable bucket 
type milker; milk weights were recorded daily. Body weights were taken weekly. 
During the first 5 days the second week of each period, feces and urine were collected 
and weighed. Samples of feeds, feces, urine and milk were taken and composited for 
input/output measures and for determining digestibilities and balance. 

The results of this trial are in tables 6 and 7. The diets were quite similar in 
most nutrients, except for soluble protein, which was by design higher in the HS diet. 
The HS diet was slightly lower in Ca and P content and slightly higher in fiber 
content than the LS diets. Concentration of each mineral in feces, urine and milk 
was quite similar between dietary treatments, except for a low urinary P content an 
the HS diets. The reason for this is not apparent. Dry feed intake was only slightly 
less for the HS diets (table 7). Consequently, many other parameters were similarly 
lower: i.e., fecal output, milk output, calcium in feed and feces, phosphorus balance. 
Several means were significantly different (P<.05), including Ca and P digestibility, 
Ca balance and P content of milk. Lowered digestibility of Ca and P on the HS diets 
was unexpected and intriguing. Since Ca intake and gut uptake of Ca are inversely 
related, the lower intake of Ca in the HS diets should be associated with higher Ca 
digestibility than the LS diets. However, such was not the case, suggesting a diet 
x mineral interaction, possibly with protein quality. 

During heat stress feed intake was depressed, as would be expected. Consequently, 
other nutrients were subsequently affected, including fecal DM output, fecal Ca and 
P output and milk Ca and P. output. In the second thermoneutral period most measures 


were similar to those noted in the first thermoneutral period. During heat stress fecal 
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Ca output and urinary P output decreased to a greater extent than can be explained 
by decreased mineral intake. The reason for this is not clear. During heat stress 
decreased Ca and P intake lead to a larger proportion being digested (35% of Ca and 


42.0% of P), compared to 26% (Ca) and 36% (P) during thermoneutral. The absolute 





| amounts digested were less during heat stress (53 vs 36 g/day for Ca and 29 vs 23 g/day 
| for P). Calcium and phosphorus excreted in the urine (<3 g/day) was small, similar to 
other studies; most variations in Ca and P metabolism occurred at the gut level. 
Calcium balance decreased in heat stress and continued to decrease in the second 


thermoneutral period, whereas phosphorus balance went up slightly during heat stress 








and decreased slightly during the second thermoneutral. 


SUMMARY 
Pe a 
A method of hydronically growing forage plants for intrinsically labeling Ca and 





P was developed, because neutron activation of native forage was not suitable. A 
growth chamber was renovated and equipped for controlling light, humidity and tempera- 


ture, after greenhouse and other growing facilities were determined unsuitable or 





unavailable for forage growth. Forages (fescue and alfalfa) were grown hydroponically 

; with 14 hours of light and 10 hours of dark; temperature was held at 25C during most 

| growth studies. The resultant hydroponic forage, grown when needed and in phase with 
animal feeding trials, appeared to be generally similar to native forage, based on 
extensive botanical and chemical analyses. Uptake of labeled Ca and P, provided via 
the nutrient solution, was about 50% for both minerals and appeared to provide adequate 

activity for tracing mineral metabolism in the cow's body. Preliminary feeding trials 
suggest that excretion patterns were similar to those of other studies and were applicable 
to the trials planned. 

A balance trial was conducted with 12 lactating cows fed two dietary protein 

qualities at thermoneutral, heat stress and thermoneutral conditions. Apparent digesti- 
bility of Ca and P were low (35 and 45%); balances of Ca and P were variable but 


positive. There were some apparent interactions of minerals with environmental stress 


and with diets. 


~fjzep 





fb spo’'taqgA. .2notsibno3 istsuannrsta, bué 7 7 ods ad FUSS 


azatiz2 Istnamnovivis dtiw dabei to anot ioe 































a 
Bt - 
taet xe sa «© OF beesensed Suqana- (TEE 


— 
-— 






[3. Son 21 Ad vot noenet ont stsint tow ‘im | 
~~ 
| | | Hoot repel » of beg otetah 9mm ®, 


3) 23% of bevsqnies N 


2) 142 ( onfaub- zeef avew bslesre 

fa’ 

b\p €>) of ait sox ewrorgeotq bre mutphag 

bay y: fi oog 6.) i anorisray seo i 29 
aah 4 inoa bag 2% » teed et son fF 


euro iq 2s979fw bot tw 


'. 


madd bnoose add pnivwob 4 ‘artot fe: be 


ae 
{ wf! nivdnt inofq eustet pofwor yl feororbyd Totur 


CAs An ‘ 7 = r4 > 1 i tay ion no vViven 8 BUI Se  bsgak 
} rhiawel , ri ffortneo vot beuatups bas balavondy 26W Same 


eriritssi 4 iO1P 18Nto rit wari lieu | i | 
va 

guozst) 2sosvol «.diwotp spavot 
atiub. 288 #6 bl ew sussyaqmed vob to 2wod OL bas Idptl To em 
Me 7 
if bos bsbesn. nse jo1n gepsio? stroqovwbyd Jess luess ont: .2 

4, 
_ re 
ey : one vite ’ vel rmner yilevenrap ad of be vs9gqs ,2T6 a ae 
svg .4 baa 83 beledel to sistiql ..2zazvfens Featwens bos testne x 
.F 
/ of bavseqqs bas 2leventm dtod sot 20¢ Iuods aw notiuloe< 


: 7 a 
onfbast yisatarhoers vbod @'woo-eds ab met fodatom [nienim entos ba 


) ere 
view bas aetbute verito to 920dd of vel tate ovaw noid = axe 
’ “abs 
ie ie 


cig ytstetb ows bet 2woo puidaioat SE ante renee ead ahs 


pieced 


tud ofdetasy stsw 4 ‘bas 6) 10 oe (an “e a 2t) vo 
: ; : nt tt aca 






a 


i a 


me? 


14; 


LITERATURE CITED 





Adams, R.S. 1975. Variability in mineral and trace element content of dairy 
SGaraisenteeds.. .J..Dairy Sci. 5811538. 


Anmerman, ©.B., R.M. Forbes, U.S. Garrigus, A.L. Newmann, H.W. Norton and E.E. 
Hatfield, 1957. Ruminant utilization of inorganic phosphates. J. Anim. 
scm. 162/96: 


Bevezev.c., ).J. Burkhart and N:L. Jacobson.. 19747 Effects of calcium to 
phosphorus ratio in the diet of dairy cows on incidence of parturient 
Hagesis.ucd. Dairy Scin 5/249, 


Boppock. CoE., R.W. Everett and W.G: Merrill. 1972. Effect of ration on free 
choice consumption of calcium - phosphorus supplements by dairy cattle. 
Omebeiry Sct. 55:245, 





Duncan, D.L. 1958. The interpretation of studies of calcium and phosphorus 
balance in ruminants. Nutr. Rev. Abstr. 28:695. 


Ellenberger, H.B., J.A. Newlander and C.H. Jones. 1932. Calcium and phosphorus 
requirements of dairy cows. II. Weekly balances through lactation and 
gestation periods. Vermont Agr. Exp. Sta. Bul. 342. 


Forbes, E.B. and S.R. Johnson. 1939. Phosphorus deficiency among cattle in 
Pennsyivanta. «Penn. Agr. Exp. Stas Bul.»3/1. 


Garces, M.A. and J.L. Evans. 1971. Calcium and magnesium absorption in growing 
cattle as influenced by age of animal and source of dietary nitrogen. J. 
PinMesct. 322/89. 


Goering, H.K. and P.J. Van Soest. 1970. Forage Fiber Analyses. (Apparatus, 
Reagents, Procedures and Some Applications). ARS Handbook 379. ARS-USDA. 


Hibbs, J.W. 1963. Calcium, phosphorus, vitamin D requirements of dairy cows. 
Purebred Dairy Cattle Assoc. Res. Comm., Peterborough, NH. 


Puftman, CeF., 1934... Minerals in the nutrition of dairy cattle. Proc. Am. Soc. 
Anim. Prod. 


Ponnsenes &-M.,P-ReStout,,1.:L. Boyer,and A.B, Carlton. 1957. Comparative 
chlorine requirements of different plant species. Plant and Soil. 4:337. 


Krook, L., L. Lutwak, K. McEntee, P.-A. Henrikson, K. Braun and S. Roberts. 1971. 
Nutritional hypercalcitoninism in bulls. Cornell Vet. 61:625. 


Miller, W.J. 1975. New concepts and developments in metabolism and homeostasis 
of inorganic elements in dairy cattle. A review. J. Dairy Sci. 58:1549. 


oie De LV. Schaffer, L-C. Han and M.J. Owens. 1977. Cafeteria style free- 
choice mineral feeder for lactating dairy cows. J. Dairy Sci. 60:1574. 








National Research Council (NRC). 1978. Nutrient requirements of dairy cattle. 
5th ed. rev. Nat. Acad. Sci., Washington, D.C. 
































Inod Jnemafe soon! ban Jovente at yet tiie Saree 


d{;G2 te? sated 4 “Vebeet 
. 
tyvnd .2.) , gedseq M.A 4 08. ‘ 


: Pactit su inen rah VGRL OF ; 


OUN 58 


ina66 . 41." bas Ivsdaiw (Oae 
if! to joth edd ont ardey 2cGe 

ad = 
- y 


‘(2 ,io2 yotsdi oe 


» A 4 + ‘ ° q 3 

ii : { ~ 4 ; ; W, mis bs 
‘foto 10 no Jonwenod 3 

S:é¢ 92 


nqratnt ont » 88h 


rut «=Létasaioy nt aa 
«) | 3 bne tebaetwah .A.6 88 
ly .2wod Vafebl to 2inonet 
’ hot Sq AD 
- 


wendol fF. 2 bine i 
i ' i mel eta 
— 


[52 ei enevd 25.0 ben 


ul 
és sitENG 6 yd boot ulint 25" 
\ Wit Pe 
\ ' | rE 4 iy? 4 <OM { . ; c c We j ‘bibee 
. ei soodbnEn . vlenottsatland smodc bas 2ub990v1 ¥ 
sf J 
’ ¢ O ntmotiy , eurotq2zodq .mutsiad oat” 


| 4 j asa , wie. et * ey aftisd yh be 
iyis2 b to notin sad nf 2f avant peop ‘ 
- bor 

avitsyveqmd .\ee! iojfvs> .4.A bas yvovod .j,7-,yuase a4 td 
NEEth cffrod? ban Thiel .2aroaqe 2 fey Sng astith ta atasiney hops J 


i bin muend VA -fO2ni “HOH A= 1 ,so7njomM > ¢ tow 5 
28G:10 .t9¥ (fond .2llud at walainoasateraa 1 tana 


| st ondz2gumod bas metledafom at. efnemyoteaveb bat zign2002 aXe. 
Oha(+82@ .to2 vite? Lo .wotvey A ,ottieo hace nt 2 ‘2tn 


-s9;t ofyt2 sinetets2) WVOL -2nawh 0. bine nat me D 
p\al708 .foe yitad .6 car rib pr Nt8>: 


.oft369 yitsb To eb neat A sna a2 “_aset a 


ao his, pet ea 


> 




















— 


14. 


Reid, J.T. 1962. Re-examination of the calcium requirements of dairy cows. 
Proc, Cornell Nutr. Conf. Feed Manuf., Buffalo, N.Y. 


Ricketts, R.E., D.E. Weinman, J.R. Campbell and M.E. Tumbleson. 1970. Effects of 
three calzium to phosphorus ratios on calcium and phosphorus metabolism in 
Steers, aS measured by ratio phosphorus (°*P) and radiocalcium (*°Ca). Am. J. 
Veterkes, 31:1023. 


Scott, D. and A.F. McLean. 1981. Symposium on mineral nutrition of farm livestock. 
Control of mineral absorption in ruminants. Nut. Soc. Proc. 40:257. 


Mepeo@est, ).30. 19/0. The role of silicon in the nutrition of plants and animals. 
Pome NOtr. Conf. Proce Buffalo, N.Y. 


Yerdaris, J.N. and J.L. Evans. 1974a. Early lactation mineral nutrition and milk 
production as affected by diet calcium and pH. Ann. Mtg. Am. Dairy Sci. Assoc. 


Verdaris, J.N. and J.L. Evans. 1974b. Mid-lactation mineral nutrition and milk 
production as affected by diet calcium and pH. Ann. Mtg. Am. Dairy Sci. 
Assoc. 


Ward, G., R.C. Dobson and J.R. Dunham. 1972. Influences of calcium and phosphorus 
intakes, vitamin D supplement, and lactation on calcium and phosphorus balances. 
Ueevady Volo 5: 7/68, 


Ward, G., L.H. Harbers and J.J. Blaha. 1979. Calcium-containing crystals in alfalfa: 
ivereeiare iecatctlé. J. Dairy Sci. 62:/715. 


Wasserman, R.W. 1960. Calcium and phosphorus interactions in nutrition and 
Oavscaolocy,, y+ed. Prog. 19:635. 


Wiener, G. 1971. Genetic variation in mineral metabolism of ruminants. Nut. 
SOC rOCwoUs ol. 


Wise, M.B., R.A. Wentworth and S.E. Smith. 1961. Availability of the phosphorus 
jievarious sources for calves. J. Anim, Sct. 20:329. 


Witt, K.E. and F.N, Owens. 1983. Phosphorus ruminal availability and effects upon 
Oigestion, od. Anim. Sct, 56:930. 


Yoon, D.J. and J.L. Evans. 1981. Calcium requirements for high producing Holstein 
cows. Ann. Mtg. Am. Dairy Sci, Assoc. (N.E. Region). Burlington, V.T, 


























ee" a 
\ vatseb Io 24 honay murafss. ad? 26 nots antmsx%9-9F- 7) 
 .ofettwa ,. tune 6907 .inod tau TTeA 
B Att rit 1.4 bas ffedqnsd .A.L .nammleW .2°0 pee 
al Tule m ‘ i] ff 69 no ath f ray ewradazong o3 md: fo > 
ei ns (9°*) eyrodqzodq offer yd bovu2nsi 26 427 
SOLIS 128° 
cio J 
rt | a nO mut: 2 .{b@f .n59J0M A Soe 
ay insoniau ni ootiqveeds (avant Yo {om 
_ 
: -- ; 
ar 6 fra Yo alot sri JONGT b Oe 

iW fatiut .s0N9% .1HO0 758 
a?! 


rm 14 ‘i 3 .6P\CI *  enevs 1% bne Web 


i ! roti orb vd b Tb 2B nord wut 


‘ <a 
. iu ‘iotanl-biM .dhV@L .2ansy9 "5.0 bog eee 
ae i ag on stofeo joib yd bosostte 26 WOlgam 


itn NGL mea nb DAB no2zded ee | 

» | 1 ras . Litt P | oA j nimatty ‘¢ =f 
saNide . 152 Ve 

n 


= - 7 
re> PYOL .sdsfh .t-4 bone evedva hae 
i‘\28a . vvregd .b sftiso nt svar 


. a P . ir noni "S9970F S2u0no26 lq : meh re lad ode! | H 
: .chd:0f_.9079 .bs4” .VpOner 


ifodsjam [evanTm nt nottstrsy aitaned {ver 


stlid evA .fe@{ .ddtm2 13.2 bos divowtnsw AR 

, OSE:0$ .792 .mtnA .G -2ovio2 Wot ees woe euGRE 
‘ 7 Ss 

| nogu 2joetts bos ysilidelteva Tentmut autongeod> .f80L -ensw) A.) mae 

| DECsaa -t42 tink oh « ‘2 


| — 


haa 
‘ 


ntataloH patoubor dptd ret ztnemevtiupsy mufofsd) 1681 .ensva _J.0Ge 
Pa fer: nofpoH .3.H) :pazeA .fod yifed .mA Be li 





> 





Table 1. Composition of Hoagland's Nutrient Solution 
(Modified by Johnson et al.) 








Salts used Concentratiom-of elements (1M) 
KNO, N 16000 
Ca(NO.). : H50 K 6000 
NHa HoPO, Ca. 4900 
MgSO, . 7H.50 P 2000 
KCL S 1000 
HBO. Mg 1000 
MnSO,.7H,0 Cl 50 
CuSO, .5H,0 B 25 
H5Mo0, Mn 2.0 
Fe-EDTA Zn 2.0 

Ci O75 
Mo 055 
Fe 20.0 


Ajohnson et al. (1957). 
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Table 2. Comparison of Native and Hydroponically Grown Forages 
Anatomical Tes hee 
separations fiber Calcium 
| Forage/portion ca yD ie ae G H 
% of dry weight 
| Fescue 
Total ---- ---- R359 Aa . 863 T.07 
Shoots 24.7 2320 Bar3 al ge) .449 e571 
Stems ---- ---- ---- aoe ee Se 
Leaf tips 40.3 44.3 34.9 234 . 900 1.68 
Leaf base 34.9 S129 STA) 26.6 .619 noe 
Aftermath ---- ---- 49.0 20.9 ---- ---- 
Roots ---- ---- ---- ---- ---- 520 
Alfalfa 
Total ---- ---- 25.6 27.4 2.14 ays 
Leaf 52.9 Ses Loa/ 16.3 ae 3 2.04 
Stem Ligpeal 44,7 46.1 ooal ---- .822 
Top 11.8 ZAG Gis 34.6 1.43 Pole 
Mid e2e4 ---- 47.7 ---- aey ---- 
Butt 13.0 19.8 ayes 51.4 89 .916 
Roots ---- ods aie Ble ance elas 1.02 
a = control, native forage. 
by = hydroponically grown forage. 


Phos phorus 

% H 
.498 . 644 
.476 . 664 
oe, .558 
-483 .567 
Sates .826 
.269 ay 
2e9e .428 
-o-- -462 
ne) -421 
. 208 ---- 
.198 pole 
---- LS) 
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Comparison of Native and Hydroponically Grown Forages (Summary across 10 


Trials) 
Hydroponic fescue contra Hydroponic alfalfa Contra 
Initial Current fescue Initial Current alfalfa 
Yield DM, g/pot 1.50 cfu ae he 5.10 Bees 
Beat/stems ---- 59/41 ---- ---- 43/57 ---- 
‘ADFe, % DM 28.4 32.0 33.9 27.2 37.4 25.6 
fa, % DM .96 Al .8/7 aye! Lcd 214 
= % DM . 76 . 38 .50 no 41 ae | 


“DM = dry matter. 


| ADF = acid detergent fiber. 
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Table 4. Macro and Micro Mineral Content of Hydroponically 
Grown Forages 











Alfalfa 

Fes CUC sme Cat, Stem Plant 
K, % DM® 3.24 3.78 2.54 2.85 
Mg, % DM 24 247 102 nee 
Cu, ppm DM 11.6 15.2 4.3 9.8 
Mn, ppm DM 22.0 25.3 a6 7.0 
Fe, ppm DM 101.2 119 Site 88.0 
Zn, ppm DM 23.6 39.2 24.3 32.0 
Na, ppm DM 100.0 152 45.6 98.6 
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Table 5. In Vitro 48 hour Digestibility of Acid Detergent Fiber of 
Hydroponically Grown and Native Forages 








In vitro® 
‘Ad, ah; digestibility 
Initial Apia. _ of ADF (48 hr) 
% DM ) % 
Fescue 
Native 43.0 2904 
Hydroponic ceo Sfelexs) 
Alfalfa 
Native (leaves) tS 46.5 
(stems ) 52.3 28.7 
Hydroponic (leaves) 17.0 65.6 
(stems ) 49.0 35.8 


@nnF = acid detergent fiber. 
Dinitial ADF = ADF content prior to in vitro digestion. 


“Goering and Van Soest, 1970. 










to wsdi] Ineprered bIOA Yo vsti hditeep hl word Bb ost al 
zepe10' svitet bos nwow) yf f,otnegediyl 


» 
_ —s on — = a 





~ondty ni 
virliditesptb d ‘ ; 
(an Bb) WA Yo AWA fe isint 


: Ma % 
he 0.€D eviten” 
8. G€ _ -@.8€ atnogarbyh 
| atfe 
aan €.SS8 (esvee!) ovital 
v.88 E.S2 (emedz) 
3.22 ONL. (zavesT) stnoqorbyl 
8.2€ 0.00 | ( emede) 7 








.T9dtF Inaprsteb bros | 


. 
ih 







7 ye 
Tar 
5 


mobtzsptb ostv of of rots Insti02. 0A = QA 

















Table 6. Diet Composition and Calcium and Phosphorus Content of 
Feeds, Feces, Urine and Milk of Protein Solubility Trial 








Feeds 


Acid detergent fiber, % DM° 


Total protein, % DM 


Soluble protein, % total 


Net energy, Mcal/kg 

Calcium, % DM 

Phosphorus, % DM 
Peces 

Calcium, % DM 

Phosphorus, % DM 
Urine 

Calcium, % 

Phosphorus, % 
Milk 

Calcium, % 


Phosphorus, % 
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dry matter. 


low soluble protein diet. 


HS = high soluble protein diet. 
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Table 7- Effects of Dietary Protein Solubility and Environmental 


Conditions upon Mineral Balance in.Lactating Cows 


Dry feed intake, kg/d 
Fecal output, kg/d 
Urine output, kg/d 
Milk output, kg/d 
Ca intake, g/d 

Ca feces, g/d 

Ca urine, g/d 

Ca milk, g/d 

Ca digestibility, % 
Ca balance, g/d 

P intake, g/d 

P feces, g/d 

P urine, g/d 

Pelli kss o/c 

P digestibility, % 
P balance, g/d 





a,b 








Diets 
LS HS 
16.8 be 
5.57 5. 30 
20.6 19 
24.1 21 
iO TEER 
104.3 99.8 
1.81 1.87 
30.9 26.0 
wie ARE 
16.0° aa 
me 62.7 
41.4 41.2 
136 EGG 
20078 70° 
a 
8.50 3.94 


aie 
36. 


Period 


HS 





Means differ at P<.05 using LSD. 


a>D5Cuoans dis femedter-.05 USiInd ESD. 
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